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LUNAR PHYSICAL PARAMETERS STUDY

BREADBOARD MODELS OF SURFACE AND DOWNHOLE EQUIPMENT

- FINAL REPORT

-_Introduction

This final report summarizes the work which has been -done

since December 15, 1960. During this time, efforts-have.beep

-directed toward the design, construction and evaluation of
laboratory instrumentation to demenstrate the feasibility of per-
forming thase experiments postulated in the final repert cbvering
-. the feasibility studfes conducted during the period July 15 -
December 15, 1960 V

Of those experiments proposed in the final report of the
'feasibility study, all but one has been shown to be practical over . -
~ the anticipated range of lunar properties. The one experiment
which has not been proven feasible is the measurement of electri-
 cal resistivity by noting.the‘variation of the Q of a coil pro-
duced by varying the resistivity of its surroundings. Though -
shown to be workable in principle, this method could mnot be
extended to cover the higher ranges of resistivity ( > 1012 -ohm
cm) anticipated for the lunar environment. The problems here arose
from the inherent instability of the Q-multiplier circuitry Te-
quired for resistivity measurements in the range above41012 ohm
cm. It was agreed by Jet Propulsion Laboratory, Hughes Aircraft,

. and Texaco that the- state of the art was not adeguate to insure

1:794.44-1
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- development of usable measuring circuitry for this experiment

within the time allotted for this'program. Therefore, the
measurement was discarded from'both surface and downhole units.

All other surface and downhole equipment evolved as |

anticipated in the feasibility study final report.

Scope of the Prqject

The development of "breadboard" models as undertaken by
Texaco under Jet Propulsion Labbratory Contract N-33552 had as its :
objective the design and construction of devices to demonstrate,
under laboratory conditions, the feasibility of measuring certain
parameters on and beneath the lunar surface. The instruments

were required to perform the indicated measurements to a degree .of

precision sufficient to demonstrate that instruments capable of

being calibrated so ae to produce data of the required accuracy
and precision could be bullt. -

| "These instruments were not required to withstand the
chock and vibration of launch and flight. Neither were any of
the instruments.required to perform in the extremes of temperature
and pressure antieipated for the lunar environment, unless such

environmental conditions had a direct bearing upon the ability of

an instrument to perform its desired function. This meant, in

practice, that the acoustic source must be tested in vacuum and
that the radiometric devices used to measure thermal radiation

must be tested in vacuum and subjected to the full range of

1:794.44-2
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 temperature (100°K to 400°K) anticipated for the lunar. environment.
All other devices, it was concluded could be tested under ambient

conditions, i. e., room temperature and atmospheric pressure.

Experimental Work

Technical information concerning the feasibility -study and
the development of breadboard models based upon this feasibility
study has been documented in a series of partial reports. A list

 of these repofts follows:

Partial Repott

Number L . - ATitle

1; ) Measurement of Lunar Surface Density

2. ‘ Measurement of Lunar Thermal Propertiea

3. Measurement of Lunar Surface Acoustic Properties

4, Measurement of Lunar Parameters using Downhole
Nuclear Logging Tools .

5. - Measurement of Lunar Thermal Properties

6. Feasibility of Downhole Logging Tool _

7. Measurement of Electrical Properties on Lunar
Surface :

Final Report, Feasibility Study

8. ' Design Calculations, Measurement of Thermair
’ ‘Diffusivity
9.  Breadboard Penetrometer Hardness Measurement
10. : Acoustic Velocity Breadboard Tests
11. 3 Breadboard-Tests of Surface Magnetic Suscepti-

bility Coils

1:794.44-3
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12. Computer.Study of the Lunar Thermal Pregram

‘Breadboard Tests of the 4-1/2 In. Surface uag-,‘
netic Susceptibility Coils - A Supplementary
Report to Partial Report No. 11, 9-20-61

13. ~ Breadboard Development and Tests of Subsurface
Thermal Apparatus

14. A Breadboard Tests of Subsurface Magnetlc Suscepti-
bility Coils

15. Breadboard Tests of Surface and Subsurface Density
Measuring Instruments : ’

- The end product of this feasibility study and the bread-
board development program which followed was the instrumentation
which was delivered to Jet Propulsion Laboratory during July and
August, 1961. Complete drawings-of these inetruments are included

as appendices to this report.

Conclusions

It is felt that the devices built by Texaco and sub-
mitted to Jet Propulsion Laboratory do indeed demonstrate the
practicality of making the desired measurements. In some cases
(magnetic susceptibility and density) the breadboard instruments
xrepresent a considerably higher degree of refinement than we had at
first expected. The penetrometer, developed to measure surface
hardness, has produeed.data which offere not only a semi-quantita-

tive estimate of Moh hardness, but considerable qualitative

1:796 .44




’}?‘JER Nn é/ 4/75

-5-

informetion regarding’the crystalline structure of the materiel ’
impacted. |

Other areas have produced equally'surprising,fbut not v
necessarily so gratifying results. The perfofmance in vacuum of‘f‘

the acoustic source (explosive) has been most unexpected and has

presented serious problems which must be either conquered or out-~

flanked before this acoustic source device is con51deredesatis-

factory.

By far, the largest amount of developmental work remains

_to be done in the area of thermal measurements. Here, mot only

must considerable work be done to develop the instruments them-
selves to a satisfactory state, but standards and procedures must

be devised to evaluate and calibrate these instruments.
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' APPENDIX A

 The foliowing is a brief4summafy of the measﬁfing éapa-

bilities_of the lunar inStrumentation based on the résults of_the"

breadboard testing program: |

1. ‘Densitzr

A. Surface
1. Range - 0.1 to 4.0 grams/cm '
| 2. Precision - *15% at 2.0 grams/cm3 with protuberahces
up to 4 in. | | | | |
B. Subsurface -
| 1. Range - 0.1 to 4.0 grams/cm
2. Precision - #5% at 1.95 grams/cm with known hole size.
. +10% at 1.95 grams/cm for hole size 1.5
$0.25 in. diameter with no caliper.

II. Magnetic Susceptibility
A. Surface o
1. Range - 1 x 1076 to 0.1 cgs units _
2. Maximum error .on "standard irregular surface" (Partial
Report No. 11 and Supplement) - . |
a. 12.5 in. 3 coil system:- -212
b. 4.5 in. 3 coil éyétem: ~427%
c. 2.625 in. 2 coil system: -72%
3. Sensitivity (apprpkimafe)

a. 12.5 4n. 3 coil system: 0.01 - miQ%ohenries .
IR 1x10 cgs units

1:794.44-A1
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0.01 microhenries
" 1x107° cgs units

b. 4.5 in. 3 coil system:

‘B. Subsurface
1. Range -1 x lO's‘to 0.1 cgs unité g
2. Maximum error‘dhé'to borehole variatibn.from 15252to
1.75 in. diameter - 50% (no caiiper). _This can be’

considerably reduced when hole size is known.

III. Acoustic Velocity, Surface and Subsurface
1. Range - 500 to 13,500 ft/sec. |
2. Precision - = 204. Limited by ability to read break

- point from photographic record.

IV. Penetration Hardness, Surface Only

1. Raﬁge.~ 1 to 6 on Moh scale. Since this measurement
is largely of a qualitative nature, no estimate of pre-

-cision or sensitivity is possible.

V. Temperature, Surface and Downhole
1. Range - 100°K to 400°K

2. Precision - unknown
3. Sensitivity - 0.4 microvolts/°K at 120°K
13 microvolts/®K at 373°K

VI. Thermal Diffusivity

A. Surface
No experimental determinations have been wmade using the

surface equipment. :
1:794.44-A2
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‘B. Subsurface

‘Range ~ thermal conductivity of 1.4 x 10~ -4 ca1/sec cm °C -
to 8.8 x 10"4 cal/sec cm *°K. '

f : L.\DER N, &/- 9/75

;The-apparatus would qualitatively distinguish among

'materials in the range specified.

— e e - — [ -—
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'VAPPENbIX B

 SURFACE INSTRUMENTATION

‘Since the design, constructlon, calibration and testing

of the various surface units are well documented in the partial

- reports issued during the breadboard development program, they

will not be described in detail in this final report. However, all

part and assembly drawings of the breadboard surface units are

collected here for convenient reference.

1:794.44-B1
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PENETROMETER
R 9461 1 Bracket
1R gu62 3 Tube
U 9463 3 .ﬁelay Bracket
U o464 3 Relay Arm
U 9465 3 'Impact Cone
U 9466 3 Spacer
.U 9467 3 - Accelerometér Guidé
MAGNETiC SUSCEPTiBILITY COILS
U 9496 Null Coils Assembly
U 9480 1 | Null Coils & Surface Coils
‘ Electrical Wiring Diagram
| U 9481 1 Small Surface Coils Assembly
uouse | vosdr | 1 Coll Holders & Inner Coil Spopl
1 U 9483 " » 1 ‘Cuter Coil Spool
U 9484 U 9496 6 Lock Nut.
U 9485 " 3 Coil Spool
U 9486 - 1 Null Coil Holding Rod
U 9487 " 1 'Nuli Coils Base |
U 9488 U 9489 1 Electrical Wiring Diagram for
large Surface Colls .
{U 9489 1 large Surface Colls Assembly
U 9490 U 9489 |1 Co1l Spool "A" |
U 9491 " ] Coll Spool "B"
| U 9492 - 1. Coil Spool "C" _
U 9495 " 1 ' Lgrout diagram for bridge sur
] 1 face and subsurface magnetic
» susceptibility measurements.
TEXACO Job #;;?;552 t‘sgun;iRSur- afzzij-si BTIJH
R.8 T. DEPT. face Equipment .
EXPL. 5' PROD. RESEARCH DIv. /2
BELLAIRE , TEXAS : A.
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DRAWING & [ ASSEMSLY |QUAN ' . P -
PARf NO. NULBER |REQD, - STOCK- ITEM o DESCRIPT!QI
Uo4g3 | uoksy | 1 da. L | Holders for Coil Spools
U 9558 N : e Ny Peaking Spacers
loosgs | 1 : Bridge Circult Diagram for |}
' : o _ . Magnetic Susceptiblility
»Measurements
U 9559 . A | . Electrical Wiring Diagram
S : e - for Medium Surface Coils
U 9560 _ 1 Medium Surface Coils'Assemblﬁ
U 9561 | U 9560 1. Coil Spool "A"
U 9562 v 1 Coil Spool "B"
U 9563 " {13 Coil Spool "C"
U 9564 " 4 Lock Nut - Null Coil "A™.
U 9565 . 2 Null Coil "A" Holding Rod
U 9566 o 4 Peaking Spacers
R 9571 B 1 o | Density Sensor & Surface
» ‘ ’ Velocity ‘
U 9572 1 1 | Lead Spacer for Density
- ’ Sensor
U 9610 1 _ | Hall-Sears Geophone
1:794.36-34 1 . - Breadboard Acoustic Source
. - Holder
- 11:794.36-85 b1 _ Source Holder Enclosure for
' A _ Vacuum Tests
1:794.46-b7 11 Parts List for Mutual Induct-
- ance Bridge :
U 9612 b | . Coils & Bridge Wiring Diagram
A _ for Surface Coils & Null Coilsl
1Small Surface Magnetic Suscept]
Coils
U 9613 | 1 Coils & Bridge Wiring Diagram
I : : for Medium Surface Magnetic
- . _ Susceptibility Coils
' : PARTS LIST FOR PATE sY
TEXACO Job #N33552 - Lunar Sur- 7-19-61| JJH
R.& T. DEPT. - face Equipment
EXPL. & PROD. RESEARCH DIV. /3
BELLAIRE , TEXAS : o ‘ B
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. PARTS LIsT
Rumber | Deseription Remarks
1 Chassis 7"x12"x3" . Aluminum .
1 ~ Cinch Jones terminal #3-141
16 SPST toggle switch | Must have positive, low resistance
§ K _ - contacts,. S ‘
1 " SPDT toggle switch -  Must have po'sit:iveiow.’resistanc’e'
o C A 'contacts.
S T Cension 'Phg’ 13-16 This type cannon plug allowa mnch
. ’ room for improvement, and we .. -
e | ~ «Camon Plug Ilo-lb _ recommend that it _X}ﬂ be used,
. , a.m.ufd silver mica condenur | ' " L
. ¢ A.Oﬂlu.fd . "". - " v ‘ o
1 10 turn Helipot (1-50 ohms) . Linearity ..5.'1701-: better -
1 10 turn Helipot (1-1X ohms) Linearity .5% or better
1 1000 10-watt resistor Wire wound resistors will do.
1 100K Precision Resistors
1 75k 0" : " ‘The resistors used by Texaco are
. I.R.C. wwh's., However, & higher
1 40K "o " precision resistor can be
: S purchased and should be used.
1. 20K wo n '
, : Example: 1I.R.C. e MEC molded
1 : 10K Y] Cn Matal Pi Resistors
' . Tolerance ,05%.
1 ' Sg 0 ." " n . 1) n
3 2K " ' 1.1 " . ” "
2 ik "o ,'_u " w T .
1 50 - " "” n ‘ " -0
1 100 T w T . w " m
2 200 " ” L on ) 1]
1 500 R n " o " .om

1:794.46-47
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APPENDIXE

SUBSURFACE INSTRUMENTATION

Although'the design,'construction, calibration, and

'testlng of each of the 1ndrv1dua1 1nstruments, which are combined
’~into the dOthole logging sonde, have been well documented in
‘7f part1a1 reports issued durlng'the breadboard development*program,"
) j;:no generalroverall"written descript1on of the unit has,‘as ye:, }b

- been presented. Smch a general descrzptlon, along‘with some'notes

:rnom assembly and waring, is presentedqhere along'with;the complete :

‘component and.assembly drawings for the‘dowﬁhole loggxng sonde.

Brief Descr1pt1on of Downhole Sonde Referrlng to Fig. 1 and
Draw1ng RA-94&9

The breadboard model of the downhole logging sonde,_

. altﬁaugh similar in principle to the unit proposed in Progress

Report No. 6, p. 26, differs somewhat in detail from this unit.
The most noticeable mechanical difference is that it was
found to be unnecessary to pivot the gamma source to allow

varlatlon of colllmatlon angle with hole size. Also, as mentloned

_earlier, the measurement of electrical resistivity has been dis-

carded. _ . ‘

A brief description of the breadboard model of the down-.-a
hole sonde is as follows. Fig. 1 is a photograph of the
assembled'(unwired) unit and Dwg. RA-9449 is an overall assembly
drawing and wiring diagram for the unit. The sonde is 21 in. long

and is collapsible to fit within a cylinder whose inside diameter

1:794.44-C1
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e

ie 1'6 in. It is desigﬁed to operate'within_a torehole whose
- diameter ranges from 1. 25 in. to 1.75 1n. | : |
. At the bottom of the sonde is the radiometer with conical
mirror for determination of borehole wall temperature. ‘ S:mce th:l.s
‘ j,;‘ . ._ : radiometer had not heen delivered at the time the picture for I-‘:Lg. 1
S was. taken, a threanvd plug was- substituted for the radioneter. . _' :
. ) ﬁxe :read-out :Eroa the radiometer is in the :fom ef 2 ‘DC
-voltages. , One from a chronel-—constantan thermocouple giving redio-
‘f'meter housing temperature, and the second is the. DC voltage frou a
PR pair of chromel-constantan ,Junctions whlch give the difference in -
o temperature between the radiometer housing and target.

Next is‘the apparatﬁs for the determination of thermal
diffusivity of the lunar subsurface material. This deviee con-
sists of, (1)_a‘GE #57 light bulb (a source of radiant energy) with
holder and'eppropriate nickel shields and (2) a radiometer to

.~ - . sense the bore¢hole wall temperature in the region illuminated by
the source of radiant energy. ,

| Power-(O.S'- 1.5 watt) must be supplied to the ligét;bulb
during the course of an experiment.. Signal. read-out is, agein,
in the form of 2 DC voltages; ene:from the copper-constaetae
7}, ' . couple which measures a reference temperature.en the sonde and
the second from a four junction thermopile which measures the
difference between the target tempere_tur_e and the reference |

temperature. .

1:794.44-C2
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Tmmediately above this unit is mounted thelcopper-constan-f
tan thermocouple which is to attempt a measm:ement_ of borehole

wall temperature by contact. This thermocouple is held against the

..wall by -4 small bow spring.

In this same general area is mounted the bottom end of

the large bow Spr:.ng which. acts -as a decentrahzer .for the sonde.- R

As .can be seen in the asseni:ly draw:.ng, the end of .this spring ::ls

e e::attached to a 2.5 meg. non-lmear potentlometer-_ sCompressionnf _ ‘;v o

' ethe decentrallzer spring will :result in -rotat].on of this potentio—

meter so as to change the resistance between the variable contact

~and either end of the resistance element. This resistance can

then be correlated with borehole diameter and the decentralizer
spring can act as a-hole size caliper. On the present model the

observed re51stance was from 0 to 1.7 X ohm. This partlcular

‘system w111 not be used in later models. The rotary potentlometer

- will be replaced by a linear unit, around which can be designed a

caliper which will represent a significant mechanical improvement
over the present design.

Proceedlng up the tool, the next unit is the partially

: shielded GM counter, a part of the density measuring device. This

unit requires 875 volts at 2 maximum current of about 10 micro-
amperes. Note that the wires which lead paAst the counter are
mounted in the 1/4 in. wide window opening of the counter tube -

shielding.

1:794.44~C3
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Above the GM counter:is the epoxy section on which.are

" mounted the three c01ls which constitute Lhe magnetlc susceptl-
- bility unit. Wlthln this epoxy section is. 1mbedded a copper.
constantan thermocouple to measure the sonde temperature whlch

will be'necessary ior correction of the susceptlbility.readlngs.

,ﬂext.is the gamma source holder of Mallory 1000 metal‘

 ?ﬂNote the smnll (1/32 in. dlameter) hole drilled into'the source

o cav:.ty .froa the :ear. Th:.s :Eacllitates removal n:E the source _
Tcapsule, by~allowing‘the insertion of - a'w1re probe"with—ﬁhich the
-;source'capsulc.can be'pushed Out of the shield

_ The top end of. the decentralizer sprlng_attaches
immediately above the source Shielding.

At the top of the sonde is the geophone mounting. The
geébhone‘is mounted on a small bow spring which not oﬁly holdé it
against the borehole wall, but provides a ;ignificant amount of -
acoustic degoupling from the body of the sonde. |

Provision fof mechanicalAattachment of the sonde is made
in the form of.a 5/16 in. diameter rod which extends axially
from the top. ~ All wiring is brought out as pigtail leads from

the periphery of the sonde.

Notes on Downhole Logging Scnde (RA-9449)

1. Wiring and assembly of sonde proceed from the bottom
(radiometer) end upwaré. The radiometer assembly was made to be

removable from the breadboard model of the sonde since it ﬁas

-unavailable at the time of final assembly of the sonde.

1:794.44-Ch
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2. Shleldlng on the hlgh voltage lead of the GM counter
‘extends all the way through the ‘magrietic susceptlblllty c011s to
the counter. All other shleldlng terminates above the magnetic
Suscept1b111ty coils. This was nece551tated by the lack of space
in ‘the - mlddle of the coils and besuie the counter through wh::.ch
,the 'requlred number of leads oust be placed l‘he size of some «of
| ’these leads can be considerably :reduced. R K
o 3. Not onl;y mst all aof the wires whlch pass through ﬁxe
' »imagnetic sxmceptihxhty coils ‘be non—magnctic, but they must be
‘rigidly secured in ,p051t10n {potted in place). |

4. The decentralizer spring must be s_trong’ enough to
over-ride both the smaller Bowsprings which hold a thermbcouple
and the acoustic receiver in contact with the borehcle.wall so
that the density source and counter will be in contact with the

- borehole wall.

1:794.44-C5
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4 ORAWING &

'} PaRT No. Asgft::;v_’::‘d: - STOCK 4TEM “ DESCRIPTION "
[ momg| ] [ T ASSEMBLY & CIRCUIT Dnm
BRI 93}99.» RA 94#9 11 Extensicn Rod -
R 9500 | " 1 | Geophone Sec‘cion
R 9501 " 1 Source Section
- U.9502 - B! Source Holder
-U 9503 " 1 ‘_.Splice Sleeve = ,
‘R.9504 | - 1 Susceptibnity.-Cons— ,Fo'x_'n.t‘ '-
R 9505 T R ‘Counter Section - B
13 .9506 o " ':; 1 u. ~ Counter Cushions
G lwesor | orodaf Tmy
T 9508 = 1A | “Threaded cap _
U 9509 - j 1 .'Insu‘.lating‘r:pé‘cer.. - ‘4_
‘R 9510 e 1 Radiometer-Lunar frobe
o Installation
R 9511 " 1 Gamma Ray Counter
U 9512 n 6 | Solder Stand-Off Terminals
T 9513 " 1 Modify Potentiometer
U 9514 . 1 * Pivot Block A
U 951'5—> " T Decéntralizer Spring Brackef
R 9516 " 1 | Decentralizer Sprj_:ng
U 9517 : " 1 Top Cap .
U 9518 " 1 Wall Thermocouple .Spring -
U 9519 " 2 Pivot Shaft |
T 9520 " 2 Spring Retainer
U 9521 " 1 Geophone Spring
U 9522 " |2 ‘Source Retainer
1‘1.9523 e 1l- Accelerometer Mount Screw
| o
PARTS LI DATE BY
T DG e ey Ly
EXPL. 8 PROD. RESEARCH plv.| LOGGING SONDE RA 94lhg-A
BELL_AIRE , TEXAS L2
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R o T
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- | ParT wo. | NumeER. Rmﬁ? SToek 1TEm - (OESCRIPTION - -
] _«U‘9521& ] RA- 9_1'&1&9"' - . Acce'lero’n;et;e? R |
vo9ses | 0™ : ) _1: ! __ Accelerometer Spacer -
Ro9526 | "~ | Wall Thermocnuple & Potentid- |-
- meter Section i
U 9527 " 1 Cylinder
= U 9528 - 1 ' Shield Housing
U 9529 =~ | Bulb Holder
| U 9530 AT Y .Adapter :
- IR D . |
- I A W L B " Radiation Shield | BN
- 39532 : '.. ' 1 1 i 1 jﬂ‘empeuture-nererenc'e Block -
~ v9s33 {. - 13}l . Cylinder Betaining Sleeve
- .U 9534 R T - -Shield Spacer ' j
A U 9535 " | 2 Cylinder Cushion |
,_. g 9536 - 1 - Plug
- ‘U 9573 ]’V 1 1 Circult of Magnetic Suscep-
’ tibility Down Hole Coils with
~ - Surface Coils Attached ]
|
- , !
{
i
E
- ! 3
2 i !
]
!
’ |
- :
— {
i
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h i i
! ]
- |
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